It is essential to image the carotid bifurcation adequately in patients with symptomatic carotid territory ischaemia if they are being considered for carotid endarterectomy. Optimal resolution is achieved by selective intraarterial contrast angiography which is an invasive procedure carrying some risk. The overall risk-benefit of carotid endarterectomy is currently being investigated in several large randomised trials in Europe and North America. Because cerebral angiography is a prerequisite for carotid endarterectomy, the risks of cerebral angiography will need to be added to those of surgery when considering whether carotid endarterectomy is effective in the management of these patients. This study evaluated prospectively 382 patients with symptomatically mild carotid ischaemia who had cerebral angiography to visualise a potentially resectable lesion at the carotid bifurcation. Complications followed 14 cerebral angiograms in 13 patients (3-4%); two complications were local (0-5%), two systemic (0-5%) and 10 were neurological (2 6%). The neurological complications were transient (TIA 1, generalised seizure 1) in two patients (0-5%), reversible (stroke) in three (08%) and permanent (stroke) in five patients (1-3%). There were no deaths. The significant risk factors for post angiographic stroke were (1) stroke before angiography compared with transient ischaemic attacks of the eye or brain and (2) the presence of > 50%
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It is essential to image the carotid bifurcation adequately in patients with symptomatic carotid territory ischaemia if they are being considered for carotid endarterectomy. Optimal resolution is achieved by selective intraarterial contrast angiography which is an invasive procedure carrying some risk. The overall risk-benefit of carotid endarterectomy is currently being investigated in several large randomised trials in Europe and North America. Because cerebral angiography is a prerequisite for carotid endarterectomy, the risks of cerebral angiography will need to be added to those of surgery when considering whether carotid endarterectomy is effective in the management of these patients. This study evaluated prospectively 382 patients with symptomatically mild carotid ischaemia who had cerebral angiography to visualise a potentially resectable lesion at the carotid bifurcation. Complications followed 14 cerebral angiograms in 13 patients (3-4%); two complications were local (0-5%), two systemic (0-5%) and 10 were neurological (2 6%). The neurological complications were transient (TIA 1, generalised seizure 1) in two patients (0-5%), reversible (stroke) in three (08%) and permanent (stroke) in five patients (1-3%). There were no deaths. The significant risk factors for post angiographic stroke were (1) stroke before angiography compared with transient ischaemic attacks of the eye or brain and (2) the presence of > 50% diameter stenosis of the symptomatic internal carotid artery; unfortunately it may be the latter patients who are most at risk of stroke as part of the natural history of their disease and therefore most in need of prophylactic carotid endarterectomy (which requires cerebral angiography). The absolute risk of post-angiographic stroke can be reduced by careful selection of patients for cerebral angiography using clinical evaluation and Duplex carotid ultrasound screening.
The utility of carotid endarterectomy in the management of patients with asymptomatic carotid artery stenosis, transient ischaemic attacks (TIA), and non-disabling ischaemic stroke in the carotid artery territory is currently being investigated in several large ran 3-3-4-9%).
Should carotid endarterectomy be shown to improve stroke-free survival then the complication rate of cerebral angiography must be known for the various types of patients in whom carotid surgery may be indicated. This study was therefore prompted by the need to know the complication rate specifically for patients with symptomatically mild carotid territory ischaemia. A generalised tonic/clonic seizure occurred within hours of angiography in a patient who had a 10 year history of sleep-associated seizures and who had recently withdrawn phenobarbital treatment while continuing phenytoin. In accordance with conventional criteria, adopted for this study, this was recorded as an angiographic complication.
Another patient developed transient tingling in the left hand during selective injection of the right carotid artery with contrast medium. Angiography was complicated by a stroke in eight patients (2-1 0/0; 95 0 confidence interval (0-7-3-50%). The neurological deficit completely resolved within seven days in three cases but persisted beyond this time in five. No deaths occurred. Three of those with permanent deficits were mildly disabled at seven days after angiography (Rankin grade 1 or 2), one was moderately disabled (grade 3) and one was severely disabled (grade 4).
All eight patients who suffered a postangiographic stroke were men and the mean age was 58 years (range 23-76). The prevalence of risk factors for vascular disease did not differ significantly from those in whom angiography was not complicated by stroke.
Post angiographic stroke occurred in two of the 152 patients who presented with TIA (1 .3°), none of the 107 patients with AFx, two of the 59 with retinal infarction (3-4A% ) and four of the 64 who presented following a stroke (6 20°o). The two patients with TIA and post angiographic stroke had been experiencing frequent (weekly) TIAs before angiography. The rate of post-angiographic stroke was significantly higher in those patients who had suffered a stroke before cerebral angiography than those who were being investigated for transient ischaemic attacks of the eye or brain (p = 0 015, Fisher's exact test). More noteworthy, however, was the presence of "sig- 
Discussion
The total neurological complication rate of cerebral angiography for these 382 patients with symptomatic carotid territory ischaemia who were being considered for carotid endarterectomy was 2 6% (95% CI: 1-0A4-2%).
Neurological complications were transient or reversible in five (1 3°%) and permanent in five patients (1 3q , 95%' CI: 0.2-2.4%). This result falls within the 95% confidence interval of the overall permanent neurological complication rate of the other eight prospective studies.'-5
Stroke was the major complication and constituted three of the reversible events and all of the permanent events (2-00). Previous studies have postulated several risk factors for postangiographic stroke. These include: old age;'2 general ill health and systemic disease'4; cerebrovascular disease as the indication for cerebral angiography as opposed to other indications such as cerebral aneurysm, tumour or arteriovenous malformation'2; frequent TIAs and recent stroke9; stroke-in-evolution'8; carotid artery disease'3 18 19; cerebral angiography performed by inexperienced radiology trainees13; use of a greater volume of contrast, 2 a greater number of catheters and catheter exchanges, 9 12 and longer duration procedures. 12
The patients who suffered a post-angiogram stroke in our series were of mean age 58 years (range 23-76) which was younger but not significantly different from the other patients having angiography. All eight patients were male and were considered medically fit for angiography and carotid surgery, should it have been appropriate. Frequent TIAs preceded cerebral angiography in both TIA patients who subsequently suffered stroke. No patient with stroke-in-evolution was subjected to cerebral angiography but stroke onset preceded cerebral angiography by less than six weeks in the four previous stroke cases.
Post-angiographic stroke occurred in a significantly greater proportion of patients who had suffered a stroke (6-2%) before cerebral angiography than those who had transient ischaemic attacks of the eye or brain (0-8%). Unfortunately, almost all previous studies have not categorised both the indications for cerebral angiography and the post-angiographic complications according to whether the patients had prior TIAs or stroke. Frequently this information was only available for one or the other. The only prospective study to have done so was that of McIvor et al 3 which recorded the total neurological complication rates (not just stroke rates) and found that they were almost equal for patients with prior TIAs (13 1%) and stroke (12-4%). (OR = 0-94, 95%" CI of the OR = 0-2-5-3). In our series, the total neurological complication rate for patients with prior TIAs was 1-6% and for stroke 6 7% (OR = 4-2, 95% CI of the OR = 0 8-22), whereas for the post angiographic stroke rate there was a statistically significant difference, albeit with wide confidence intervals (OR = 86, 95o CI of the OR = 1-5-5 0).
The prevalence of internal carotid artery diameter stenosis of > 50% in all but one patient who had a post-angiogram stroke was the most striking and significant predictor of this complication but the 95% confidence interval of the odds ratio was very wide due to the small total number with complications. It is remarkable that only one of the prospective studies looked for a potential correlation between the severity of internal carotid artery (ICA) disease and the complication rate of cerebral angiography, since this relationship is commonly assumed. McIvor et al " studied 230 cerebral angiograms in 229 patients with symptomatic cerebrovascular disease and found that 26 patients (1 13%) suffered a post-angiographic neurological complication. No statistically significant correlation was present between ICA disease and total neurological complication rate (for ICA stenosis > 85%: OR-1 1, 950/% CI of the OR: 01-10; for ICA stenosis > 50%: OR = 0-77, 95%O CI of the OR: 02-2 9). The neurological deficits were transient in seven, reversible in six, and permanent in 13 (5 7%). Of the five patients who suffered a major disabling stroke, the symptomatic ICA was occluded in two, 70% stenosed in one and the other two showed 40% and 200o stenosis respectively. Although these figures suggest an association between ICA stenosis and post angiographic disabling stroke, the numbers were small.
In another prospective study, Earnest et al evaluated 637 cerebral angiograms for patients with cerebrovascular disease and, although the angiographic findings were not collected, 297 of these patients (47%) had a preangiographic evaluation by oculopneumoplethysmography and bidirectional Doppler sonography. A pressure-significant lesion and/or abnormal flow was present in the carotid circulation of 54% of these examinations (n = 160).9 Such an abnormality was of no value in predicting an increased risk for neurological complications in this group but of course less than half the patients were investigated and the degree of ICA stenosis determined by these non-invasive methods may have been imprecise.9 Several retrospective studies have addressed the potential influence of ICA disease on the complication rate of cerebral angiography but, as expected from the variable methodology of the studies, the conclusions also vary.
Faught et al examined retrospectively the records of 147 patients having cerebral angiography to evaluate a thrombotic stroke or TIA and found that neurological complications occurred in 18 (12-2%), of which 10 were transient (7%) and eight permanent (5-2% neurological complication is 2-2 (95% confidence interval of the OR: 11-4 5) if the angiogram shows severe stenosis (> approximately 900O) of the symptomatic ICA as compared with milder degrees of ICA stenosis. Although far from complete, this information is sufficient to suggest that severe stenosis ofthe symptomatic ICA is a potentially important risk factor for post-angiographic stroke (fig). Unfortunately, it is these patients who are probably also at greatest risk of stroke as part of the natural history of their disease23 and therefore are those who may be in greatest need for carotid surgery and therefore cerebral angiography.
In this study 382 of the 615 patients (620%) with symptomatic carotid territory ischaemia were considered to be potentially suitable candidates for carotid endarterectomy on clinical grounds. Carotid ultrasound facilities were not available before screening and so all potential candidates for carotid endarterectomy were referred for cerebral angiography on clinical grounds. However, after cerebral angiography only 100 of the 382 patients (26%O) were considered suitable for carotid endarterectomy or randomisation into the European Carotid Surgery Trial, (once the latter had started). Therefore, to generate 100 carotid endarterectomies, 382 patients had cerebral angiography and eight post-angiographic strokes resulted, of which five were permanently disabling. So, before surgery started the complication rate was 8O0 (8/100) for any stroke and 5% (5/100) for permanent stroke. These figures must then be added to the peri-operative complication rate. Such an analysis highlights the importance of accurately screening and selecting patients for cerebral angiography by careful clinical and ultrasonographic evaluation. Otherwise, if the patient is not a suitable candidate for carotid endarterectomy then cerebral angiography will have been performed unnecessarily, exposing the patient to an unnecessary risk.
Radiological expertise and facilities were fairly uniform throughout this study but the access route to the arterial system varied between direct carotid puncture at the beginning of the study and selective carotid catheterisation via the femoral route later in the study. The institutions performing cerebral angiography for symptomatic carotid territory ischaemia need to monitor their own results and complications of cerebral angiography, in much the same manner as for carotid endarterectomy, by means of a formal but practical ongoing audit. '5 If carotid endarterectomy is shown to be effective in the management of certain patients with symptomatically mild carotid territory ischaemia then optimal imaging of the carotid circulation will be required with the lowest possible risk and cost in a very large number of patients. Conventional selective intra-arterial cerebral angiography is the most accurate and widely used modality at present, but IA-DSA is gaining wider acceptance. Before proceeding to cerebral angiography, patients considered clinically to be potential surgical candidates (that is, reversible symptomatic carotid ischaemia perhaps) should undergo non-invasive Duplex carotid ultrasound screening to identify those patients with minimal or no carotid disease who do not then require cerebral angiography. This will reduce considerably the absolute numbers of patients having cerebral angiography (denominator) but will probably only reduce marginally the absolute number of post-angiographic complications (numerator). As a result, the relative (percentage) complication rate of cerebral angiography (numerator/denominator) will probably rise because angiography will only be performed on those patients with "significant" carotid disease, who are unfortunately also those who appear to be at highest risk of postangiographic stroke.
In conclusion, for patients with symptomatic carotid territory ischaemia who undergo cerebral angiography as a pre-operative investigation for carotid endarterectomy, the risk of suffering a permanent disability due to stroke is of the order of 1 00 .15 This figure will need to be considered when balancing the benefits and risks of adding surgical to medical therapy in the management of symptomatic carotid territory ischaemia. Meanwhile, it would seem logical to assume that the complications of cerebral angiography can be reduced if patients are selected carefully for this procedure. The selection criteria include: physiologically younger patients who are systemically well, not uraemic, and neurologically stable who have definite symptoms of carotid ischaemia, and who on Duplex screening have a potentially operable lesion at the symptomatic carotid bifurcation. The risk of angiography will also be reduced if arch and/or selective cerebral angiography is performed by an experienced neuroradiologist using a transfemoral approach with small catheters, minimal quantities on non-ionic contrast medium and as few catheter exchanges as possible in the shortest time.
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